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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide a secondary battery that 
restrains degradation of nonaqueous 
electrolyte by suppressing the effect 
of HF in the nonaqueous electrolyte 
and improves cycle characteristics. 



SOLUTION: The lithium secondary 
battery is equipped with an electrode 
body 1, which is wound or laminated 
with a positive electrode plate 2 and a 
negative electrode plate 3 having a 
separator in-between, and uses a 
nonaqueous electrolyte containing 
lithium compoxmd as an electrolyte. 
Three dimensional siloxane 
compound is contained in one of the 
positive electrode plate 2, negative 
electrode plate 3, separator 4 or the 
nonaqueous electrolyte. 
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♦NOTICES* 

Japan Patent Office is not responsible for. any 
daiDages caused by the use of. this translation.. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] — — == =— =— = === =_= = ^ ^ 

[Claim 1] The lithium secondary battery yAdch is a lithiimi secondary battery using the nonaqueous 
electrolyte which is equipped with the electrode object which minds separator, and winds or comes to 
carry out the laminating of a positive-electrode board and the negative-electrode board, and contains a 
lithium compoimd as an electrolyte, and is characterized by the thing of the positive-electrode board 
concerned, the negative-electrode board concerned, the separator concerned, and the nonaqueous 
electrolyte concemed included for the 3-dimensional type siloxane compound in either at least 
[Claim 2] The lithium secondary battery according to claim 1 characterized by cell capacity being 2 
ormoreAhs. 

[Claim 3] The lithium secondary battery according to claim 1 or 2 characterized by being a cell for 
mount. 

[Claim 4] The lithium secondary battery according to claim 3 characterized by being used for an 
electric vehicle or a hybrid electric vehicle. 

[Claim 5] The lithium secondary battery according to claim 3 characterized by being used for engine 
starting. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithiirai secondary battery 

excellent in a cycle property and reliability. 

[0002] 

[Description of the Prior Art] A lithium secondary battery is widely used increasingly in recent years 
as a rechargeable battery which bears the power supply of electronic equipment, such as carried type 
communication equipment and a note type personal computer, and in which charge and discharge 
with a big energy density are small and possible. Moreover, while the interest about saving-resources- 
izing or energy saving increases by making protection of international earth environment into a 
backgroimd, the lithixrai secondary battery is expected in the auto industry, respectively as the dc- 
battery for motorised for an electric vehicle or hybrid electric vehicles, and a deployment means of 
the power according [ on the power industry and ] to preservation of power night, and utilization of 
the mass lithium secondary battery suitable for these uses is made into pressing need. 
[0003] Generally carbonaceous material [ multiple oxide / lithium transition-metals ], such as a hard 
carbon and a graphite, is used for a lithium secondary battery as a negative-electrode active material 
as a positive active material, respectively. Moreover, the reaction potential of the lithium secondary 
battery using such a material is as high as about 4. 1 V, and, for this reason, caimot use drainage 
system nonaqueous electrolyte like the conventional rechargeable battery as nonaqueous electrolyte, 
then ~ as the nonaqueous electrolyte of a lithium secondary battery ~ an organic solvent - a lithium 
ion (Li+) - an electrolyte ~ the nonaqueous electrolyte which dissolved the lithium compound is 
used 
[0004] 

[Problem(s) to be Solved by the Invention] It is a usual state that moisture is intermingled from the 
manufacture stage in the organic solvent used as the raw material of nonaqueous electrolyte here 
although it is a minute amount as contamination. Moreover, since various kinds of material and the 
parts which constitute a cell, for example, electrode active material powder, a current collection 
substrate (metalUc foil) and a metal terminal, a cell case, etc. are generally saved in the usual air 
atmosphere, when the moisture which was sticking to the front face of these material or parts finishes 
creating a cell, it may enter into nonaqueous electrolyte. 

[0005] When such moisture exists in nonaqueous electrolyte, an electrolyte decomposes with 
moisture, the danger that the acid, gas, etc. will occur becomes high, and it is a charge-and-discharge 
cycle property (the cell capacity change property by the repeat of charge and discharge is pointed out) 
as a result. Hereafter, it is called a "cycle property". It deteriorates and the problem to v^ch a battery 
life becomes short arises. 

[0006] For example, although it is most observed as an electrolyte in order for a 6 fluoride 
[ phosphoric-acid ] lithium (LiPF6) to dissolve in an organic solvent and to show high electric 
conductivity, when LiPF6 is used, if moisture exists in an organic solvent, a hydrofluoric acid (HF) 
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will occur. This HF makes the metallic material of a cell container or a charge collector dissolve and 
corrode, and dissolves a positive active material, and makes transition metals eluted. Furthermore, the 
wicked SEI (Solid Electrolyte Interface) layer containing the metal is formed in a negative-electrode 
active material front face, it carries out checking an operation of Li+ etc., and the cause and bird 
clapper of cell degradation are known. Degradation of such a cell property appears notably in cycle 
operation which repeats charge and discharge, and serves as a critical defect of a rechargeable battery. 

[0007] Then, by adding the straight chain-like polysiloxane compoimd which contained the silicone 
skeleton of (-Si-O-Si-) in the molecular structure in nonaqueous electrolyte and which is 1- 
dimensional structure, a current characteristic is raised, and improvement in a cycle properly is 
achieved by JP,8-78053,A, and is carrying out the purport indication at it. However, by this method, 
since it is unstable in the electrolytic solution since an additive is a straight chain-like thing, and it is 
a macromolecule, dispersion will appear in the physical properties. And since a chain goes out from 
the thing of low molecular weight when the cell itself becomes an elevated temperature at the tune of 
the use to which the lithium secondary battery in which this additive was included repeats the charge 
and discharge, the effect as an additive is lost and serves as a prevention object of a cell reaction 
conversely. Therefore, it is not suitable for the use of the electric vehicle which needs high 
performance in a cycle property high power nature and over a long period of time at all. 
[0008] 

[Means for Solving the Problem] the place which this invention is made in view of the trouble of the 
conventional technology mentioned above, and is made into the purpose - the electrolytic solution 
and a cell — by inactivating HF which will be contained in an electrode object or nonaqueous 
electrolyte as a resxilt by making into a generating causative agent the moisture contained in the. 
member etc., prevention of a cell reaction is suppressed and the lithium secondary battery excellent in 
a cycle property and reliability is offered — it is in things 

[0009] That is, according to this invention, it has the electrode object which minds separator, and 
winds or comes to carry out the laminating of a positive-electrode board and the negative-electrode 
board, and it is a lithium secondary battery using the nonaqueous electrolyte which contains a lithium 
compound as an electrolyte, and the positive-electrode board concerned, tiie negative-electrode board 
concerned, the separator concerned, and lithium secondary battery characterized by the thing of the 
nonaqueous electrolyte concemed included for the 3-dimensional type siloxane compoimd in either at 
least are offered. 

[0010] In the lithium secondary battery of this invention, it is also desirable that electronic- 
conduction nature particles, such as acetylene black used as an electric conduction assistant, are 
distributed by the compound mentioned later. Without contributing such compound concemed to a 
cell reaction, by moreover adding an electric conduction assistant, elevation of internal resistance is 
suppressed and serves as an reaction inhibitor of good HF. 

[001 1] The Uthium secondary battery of this invention is adopted suitable [ cell capacity ] for the 
large-sized cell of 2 or more Ahs. Moreover, it is suitably adopted as a cell for mount, and is suitably 
used as a power supply for motorised of the electric vehicle with which electric discharge of the 
power supply for engine starting which needs high power, and a high current is performed frequently, 
or a hybrid electric vehicle etc. 
[0012] 

[Embodiments of the Invention] The lithium secondary battery of this invention aims at improvement 
in a cycle property by suppressing prevention of the cell reaction by degradation of the nonaqueous 
electrolyte using the nonaqueous electrolyte which contains as an electrolyte the Uthium compound 
which dissolves and produces a lithium ion (Li+). It cannot be overemphasized that this invention is 
not hereafter limited to the following operation gestalten although the operation gestalt of this 
invention is explained. 

[0013] the Uthium secondary battery of this invention — the positive-electrode board 2, the negatiye- 
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electrode board 3, separator 4, and nonaqueous electrolyte - a 3-dimensional type siloxane 
compound is made to be contained in either at least The nonaqueous electrolyte by which the 
compound concerned was added [ "the compound concemed is contained" and ] by sinking into the 
electrode board 2, and 3 and separator 4 here When the compound concemed beforehand applied to 
the case where the compound concemed will be contained in the electrode board 2-3 or separator 4, 
the electrode board 2-3, or separator 4 is fQled up with nonaqueous electrolyte, it includes the case 
where will move into nonaqueous electrolyte and it will be contained also in nonaqueous electrolyte. 
[0014] In the lithium secondary battery of this invention, as a method including this compound, even 
if there is little which is distributed by (2) separator front face distributed or covered by the front 
face of the electrode active material particle which constitutes (1) positive-electrode board and/or a 
negative-electrode board and by which carries out (3) detailed pulverization and suspension 
distribution is carried out into nonaqueous electrolyte, one of methods can be used. Therefore, it is 
also possible to use together two or more these meanses again. 

[0015] As a method of including the compound concemed in the electrode board 2-3, specifically 
Even if it can mention the method of applying the compound concemed to the electrode board 2-3 
using methods immersed in the compoimd agent concemed which melted the electrode board 2-3 to 
the meltable solvent, such as a method (dipping), a spray, and brush coating, and is the case where 
they are any The compound concemed is included, it dries behind and production of a subsequent 
electrode object is presented. It is also possible to carry out the detailed pulverization even to the 
grade which can use the method same also to making separator 4 front face distribute or fix, and does 
not carry out gravity settling of the compound concemed about the electrolytic solution, and to 
include the compound concemed uniformly. 

[0016] Here, the method using what added the compound concemed beforehand is most suitably 
adopted as nonaqueous electrolyte. In this case, it is only that the addition mixture process of the 
compound concemed increases, and the assembly-operation process of a cell also has the advantage 
that work is also easy. 

[001 7] That is, what added the compound concemed is further used for the general nonaqueous 
electrolyte which comes to dissolve the electrolyte mentioned later in a predetermined organic solvent 
; as the electrolytic solution with which it is filled up in a cell as an HF trap agent. It is possible to 
reduce HF concentration generated &om the moisture in nonaqueous electrolyte before inserting an 
internal-electrode object in a cell by addition of the compound concemed. Moreover, after inserting 
an internal-electrode object in a cell, removal of HF generated from the moisture which was sticking 
to the electrode board etc. will be performed easily. By this, it contributes also to suppression of the 
metallic corrosion by HF etc., and suppression of wicked SEI generation, and it is thought that 
improvement in a cycle property is achieved. 

[001 8] now, as a 3-dimensional type siloxane compound which can be used for this invention 
concrete - the 1-allyl compound -3, 5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [- 9. 
- 5. - 1.13, 9.15, 15.17, and 13] OKUTA siloxane - l-(3-chloropropyl)-3, 5, 7, 9, 1 1 and 13, and 
15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane, l-(4-vinyl phenyl)- 
3, 5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA 
siloxane. Ethyl -3, 5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 
the 13] OKUTA siloxane-l-undecanone eight, 1, 3, 5, 7, 9, 1 1, and 14-heptacyclo HEKISHI tricyclo 
[7. 3.3.15, 11] HEPUTA siloxane - 3, 7, 14-triol, 1, 3, 5, 7, 9, 11, and 13-heptacyclo pentyl-15-[2- 
(diphenylphospino) ethyl] PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane, 1, 3, 5, 7, 9, 
11, and 13-heptacyclo pentyl- 15-glycidyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA 
siloxane, 3, 5, 7, 9, 11, 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, a 13] 
OKUTA siloxane-l-butyronitxile, 3, 5, 7, 9, 1 1, 13, and 15-heptacyclo pentyl PENTA cyclo [9. 
5.1.13, 9.15, 15.17, 13] OKUTA sOoxane-l-oar, 3-(3, 5, 7, 9, 11, 13, and 15-heptacyclo pentyl 
PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane- 1-IRU) propyl methacrylate, 1, 3, 5, 7, 9, 
1 1, and 14-heptacyclo pentyl tricyclo [7. 3.3.15, 1 1] HEPUTA siloxane-end - 3, 7, 14-triol, 1, 3, 5, 7, 
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9, 11, and 13-heptacyclo pentyl-15-vinyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane. 
The l-hydride -3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 
13] OKUTA siloxane, A methyl -3, 5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. ' 
5.1.13, 9.15, 15.17, 13] OKUTA siloxane- 1 -propionate, l-[2-(5-norbomene-2-IRU) ethyl]-3, 5, 7, 9, 
11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA sUoxane \ ' 
3, 5, 7, 9, 11, 13, and 15-OKUTAKISU (dimethyl SHIRIROKISHI) PENTA cyclo [9. 5.1.13, 9 15 ' 
15.17, 13] OKUTA siloxane, 1, 3, 5, 7, 9, 1 1, 13, and 15-OKUTABINIRUPENTA cyclo [9. 5.1.13*, 
9.15, 15.17, and 13] OKUTA siloxane are suitable. Since this has the cyclic structure, stably, it shows 
high Li+ conductivity to the electrolytic solution, and is suitably used for it as the compound' 
concerned. 

[0019] Here, in this invention, the mechanism in which a 3-dimensional type siloxane compound 
inactivates HF is explained, the time of assembling a cell, although the nonaqueous electrolyte which 
do^ not contain moisture was used for the electrolytic solution in this invention ~ a cell ~ since the 
moisture adhering to the member etc. cannot be removed completely, in the electrolytic solution, 
moisture will exist with a minute amount And the electrolytic solution decomposes with the mofeture, 
the electrolytic solution and an electrolyte decompose, and HF, gas (C02), etc. occur. 
[0020] HF generated at this time dissolves a positive active material, makes transition metals eluted, 
and guides the wicked SEI generation containing the metal atom vdiile it makes the metallic material 
of a cell container or a charge collector dissolve and corrode. In addition, a reaction will be promoted, 
so that the cell of the decomposition by electrolytic water is an elevated temperature, and the 
decomposition will progress. Since the generation reaction of SEI is exothermic reaction, 
decomposition by electrolytic water will be promoted by this heat, and HF will be generated further. 
[0021] Then, in this invention, in the compound concerned, the atom in which Lewis-base nature is 
shown, i.e., O atom in which it has an imshared electron pair and electronic supply nature is shown, 
combines with HF which has an empty electron orbit in coordination, and it fixes HF in the molecular 
structure of the compound concerned. Thereby, HF in a cell is inactivated and it becomes possible to 
suppress the influence by HF. When the cell itself becomes an elevated temperature by this while a 
cell repeats charge and discharge, and the compoimd concerned fixes HF, generation of wicked SEI is 
suppressed. 

[0022] Since especially the compound in this invention has the three-dimensional structure and has 
the cyclic structure of that it is tiie amount of macromolecules, and many, it can exist stably in the 
electrolytic solution also in an elevated temperature. Moreover, HF can be efficiently captured and 
fixed firom there being many O atoms per imit volxune in molecular structure. And 5 member ring 
structure \^ch the compound concemed has is quite large, and does not prevent the movement from 
the ionic radius of Li+. Therefore, the 3 -dimensional siloxane compound in this invention will 
demonstrate an effect certainly as an additive of the improvement in a cycle property in a lithium 
secondary battery. 

[0023] hi this invention, electronic-conduction nature particles, such as acetylene black, may be 
distributed by the compound concemed. By this, electric conductivity can be raised and elevation of 
internal resistance can be prevented. 

[0024] Nonaqueous electrolyte using the lithium compound which dissolves and produces a lithium 
ion (Li+) as an electrolyte is used for the lithium secondary battery of this invention. Therefore, there 
is no limit in the otha: materials and cell structure in any way. Hereafter, it outlmes about the primary 
member which constitutes a ceU, and its structure. 

[0025] One structure of the electrode object which can also be called core of a hthium secondary 
battery is the single cellular structure which sandwiched the separator which carried out press 
molding of positive/negative each electrode active material which is seen by the coin cell of small 
capacity disc-like. 

[0026] One structure of the electrode object xised for a cell with a large capacity to a small capacity 
cell like a coin cell is a wound type. As shown in the perspective diagram of drawing 1 , it winds 
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around the periphery of a winding core 1 3, and the wound type electrode object 1 is constituted so 
that the positive-electrode board 2 and the negative-electrode board 3 may not contact directly the 
positive-electrode board 2 and the negative-electrode board 3 through the separator 4 which consists 
of porous polymer. The number of the electrode leads 5-6 attached in the positive-electrode board 2 
and the negative-electrode board 3 (it is hereafter described as "the electrode board 2 and 3".) can 
establish two or more electrode leads 5-6, and at least one can also make current collection resistance 
small what is necessary be just to be. 

[0027] The laminating type which comes to carry out the laminating of the single cell type electrode 
object used for a coin cell to two or more steps as another structure of an electrode object is 
mentioned. As shown in drawing 2 , the laminating type electrode object 7 is what carried out the 
laminating of the positive-electrode board 8 and the negative-electrode board 9 of a predetermined 
configuration by turns on both sides of separator 10, and attaches the electrode lead 1 1-12 of at least 
one in one electrode board 8-9. The material of construction, the creation method, etc. of the 
electrode board 8-9 are the same as that of electrode board 2 and 3 grades in the wound type electrode 
object 1. 

[0028] Next, the wound type electrode object 1 is explained to an example still in detail about the 
composition. The positive-electrode board 2 is produced by carrying out coating of the positive active 
material to both sides of a current collection substrate. Although a metallic foil with the corrosion 
resistance good as a current collection substrate over positive-electrode electrochemical reaction, 
such as an aluminum foil and a titanium foil, is used, a pundiing metal or a mesh (network) can also 
be used in addition to a foil. Moreover, as a positive active material, lithium transition-metals 
multiple oxides, such as a manganic acid lithium (LiMn 204), and a cobalt acid lithium (LiCo02), a 
nickel acid Uthiimi (LiNi02), are used suitably, and carbon impalpable powders, such as acetylene 
black, are preferably added to these as an electric conduction assistant. 

[0029] Coating of a positive active material is performed by using a roll coater etc., and applying and 
drying the slurry or paste which added and created the solvent, tiie binder, etc. to positive-active- 
material powder at a current collection substrate, and press processing etc. is performed if needed 
after that. 

[0030] The negative-electrode board 3 can be created like the positive-electrode board 2. A metallic 
foil with the corrosion resistance good as a current collection substrate of the negative-electrode 
board 3 over negative-electrode electrochemical reaction, such as copper foil or a nickel foil, is used 
suitably. As a negative-electrode active material, nature powder of high graphitized carbon, such as 
amorphous system carbonaceous material and artificial graphites, such as soft carbon and a hard 
carbon, and a natural graphite, is used. 

[003 1] What made the polyethylene film (PE film) of Li+ permeabilily which has a micro pore three 
layer structures inserted with the porous polypropylene film (PP film) of Li+ permeability as 
separator 4 is used suitably. PE film becomes soft at about 130 degrees C, a micro pore is crushed, 
and this serves as the safe mechanism which suppresses, movement, i.e., the cell reaction, of Li+, 
when the temperature of an electrode object rises. And by pinching this PE film with PP film with a 
more high softening temperature, when PE film becomes soft, PP film holds a configuration, prevents 
contact and the short circuit of the positive-electrode board 2 and the negative-electrode board 3, and 
becomes securable [ positive suppression of a cell reaction, and safety ]. 
[0032] The electrode lead 5-6 is attached in the portion which the current collection substrate to 
which coating of the electrode active material is not carried out in the electrode board 2-3 at the time 
of the winding work of this electrode board 2-3 and separator 4 exposed, respectively. The thing of 
the shape of a foil which consists of the same quality of the material as the current collection 
substrate of each electrode board 2-3 as electrode lead 5-6 is used suitably. Installation to the 
electrode board 2-3 of the electrode lead 5-6 can be performed using ultrasonic welding, spot 
welding, etc. When the electrode lead 5-6 is attached, respectively at this time so that the electrode 
lead of one electrode may be arranged in the end side of the electrode object 1 as shown in drawing 
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1 , the contact during the electrode lead 5-6 can be prevented, and it is desirable. 

[0033] Securing a flow with the electrode lead 5-6 with the terminal for taking out current outside 

first in the assembly of a cell, the produced electrode object 1 is inserted in a cell case, and it holds in 

a stable position. Then, after infiltrating nonaqueous electrolyte, a cell is produced by closing a cell 

case. 

[0034] Next, the nonaqueous electrolyte used for the lithium secondary battery of this invention is 
explained. As a solvent, an independent solvent or mixed solvents, such as a thing of carbonate 
systems, such as ethylene carbonate (EC), diethyl carbonate (DEC), dimethyl carbonate (DMC), and 
propylene carbonate (PC), and gamma-BUCHIRO lactin, a tetrahydrofuran, an acetonitoile, are used 
suitably. 

[0035] As the lithium compound dissolved in such a solvent, i.e., an electrolyte, lithium complex 
fluorine compounds, such as a 6 fluoride [ phosphoric-acid ] lithium (LiPF6) and hoe lithium fluoride 
(LiBF4), or a lithium halogenide called a lithium perchlorate (LiC104) is mentioned, and one kind or 
two kinds or more are dissolved and used for the aforementioned solvent. It is desirable for oxidative 
degradation to be imable to happen easily and to use conductive high LiPF6 of nonaqueous 
electrolyte especially. 



[Example] Hereafter, although this invention is explained still in detail based on an example, this 
invention is not limited to these examples. 

(An example 1, example 1 of comparison) The cell concerning an example 1 and the example 1 of 
comparison Make 20LiMn4 spinel into a positive active material, and to this acetylene black as an 
electric conduction assistant what was added about 4% of the weight by the outside ratio 
Furthermore, the positive-electrode board 2 which carried out coating and created the positive- 
electrode agent slurry which added and produced the solvent and the binder so that it might become 
the thickness of about 1 00 micrometers at both sides of an aluminum foil with a thickness of 20 
micrometers, respectively. In addition to the same method as this, by making carbon powder into a 
negative-electrode active material, a wound type electrode object is produced using the created 
negative-electrode board 3 which carried out coating so that it may become the thickness of about 80 
micrometers at both sides of copper foil with a thickness of 10 micrometers, respectively, and 
nonaqueous electrolyte is filled up with and produced after holding in a ceU case. As nonaqueous 
electrolyte, LiPF6 as an electrolyte in the solution which dissolved so that it might become the 
concentration of 1 mol/1 here at the amount mixed solvent of isochores of EC and DEC The 1 -hydride 
-3 which is expressed with the following chemical formula (T) and which is the compoimd concerned, 
5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.L13, 9.15, 15.17, and tiie tiling to 
which 0.1 mass % added 13] OKUTA siloxane by the outside ratio were tised. All the cell capacity 
after first time charge of these various cells was sboxA 10 Ah(s). 



[0036] 



[0037] 
[Formula 1] 




(I) 
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[0038] Moreover, the cycle examination was performed by repeating this by making into 1 cycle the 
charge-and-discharge cycle shown in drawing 3 . That is, the cell of the charge state of 50% of depth 
of discharge was stopped for 18 seconds, after discharging for 9 seconds in current lOOA equivalent 
to IOC (electric discharge rate), and it charged [ 70A ] for 27 seconds by 18A continuously after 
charge for 6 seconds after that, and 1 cycle was set as the pattem again made into 50% of charge 
state, hi addition, the gap of the depth of discharge in each cycle was stopped by tuning the 2nd 
current value (18A) of charge finely to the minimum. Moreover, in order to know change of the cell 
capacity under this durability test, volumetry set to charge halt voltage 4.1V and extinction voltage 
2.5V by the current strength of 0.2C was performed suitably, and relative service capacity was 
calculated with the value which **(ed) cell capacity in the predetermmed number of cycles by first- 
time cell capacity. 

[0039] (Evaluation) In 20000 cycle examinations, the cell of the example 1 concerning this invention 
attained 82% of capacity retention, and demonstrated the cycle property better than the example 1 of 
comparison for which the compound concerned is not used so that drawing 4 might show. This is 
considered that the cycle life improved as a result of the compound concerned containing the atom in 
which Lewis-base nature is shown inactivating HF in the electrolytic solution. 
[0040] Here, the cell concerning an example 1 and tiie example 1 of comparison was produced using 
the various cell composition members which were made to contain the compound concerned and 
adjusted it in the cell case by the above-mentioned method, moreover - other members and the test 
atmosphere are the same about all samples — carrying out — a cell — dryness of a member was fully 
performed just before the assembly of a cell, and the influence of permeation of the moisture from the 
cell outside by poor closure of a cell etc. was also eliminated 

[0041] (An example 2, example 2 of comparison) The cell concerning an example 2 and the example 
2 of comparison 20LiMn4 spinel is made into a positive active material, to this electric conduction 
assistant slack acetylene black and a binder slack polyvinyUdene fluoride by the weight ratio The 
positive-electrode board which made what was mixed by the ratio of 50:2:3 positive-electrode 
material, carried out press forming of the 0.02g of the positive-electrode material to disc-like [ with a 
diameter / phi / of 20mm ] by the pressure of 300 kg/cm2, and was produced, A coin cell type 
electrode object is produced using carbon as a negative-electrode board, and nonaqueous electrolyte 
is filled up with and produced after holding in a cell case. As nonaqueous electrolyte, about 1000 
ppm (H20) of moisture which causes cell property degradation at the amoimt mixed solvent of 
isochores of EC and DEC are added here. Moreover, the 1 -hydride -3 which is the same compoimd as 
an example 1, 5, 7, 9, 1 1 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] 
OKUTA siloxane. About 500 ppm added and ** and the solution \^ch dissolved LiPF6 as 
electrolytes so that it might become the concentration of 1 mol/1 were used, AU the cell capacity after 
first time charge of these various cells was about 1 .3mA. . 

[0042] Next, the cycle examination in a coin cell type ceU is explained. In this invention, the 
produced coin cell is responded to the capacity of a positive active material. Charge of total 3 hours is 
continuously performed on fixed voltage after charge until it is set to voltage 4.1V with 1 .3mA of 
current of 1 C. It was set as the pattem which similarly discharges with fixed current of 1 .3mA of 
current of IC, and is made to discharge until voltage is set to 2.5V, and examined by repeating this by 
making this charge-and-discharge cycle into 1 cycle. In addition, the relative s^vice capacity (%) 
shown in drawing 5 is calculated using following several 1 . 
[0043] 

[Equation 1] Service capacity / first time service capacity in relative service-capacity (%) = each 
cycle [0044] (Evaluation) In 100 cycle examinations, the cell of the example 2 concerning this 
invention attained 9 1 % of capacity retention, and demonstrated the cycle property which was 
extremely superior to the example 2 of comparison for which the compound concerned is not used so 
that drawing 5 might show. Thus, it means tiiat it was clearly proved by having verified in the 
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example which applied moisture intentionally that the effect which was excellent in the cycle life 
whose compoimd indicated by this invention is an important cell property was demonstrated. 
[0045] Here, the cell concerning an example 2 and the example 2 of comparison was produced using 
the various cell composition members which were made to contain the compound concerned and 
adjusted it in the cell case by the above-mentioned method as well as the case of a wound type 
electrode object moreover - other members and the test atmosphere are the same about all samples - 
- carrying out ~ a cell ~ dryness of a member was fully performed just before the assembly of a cell, 
and the influence of permeation of the moisture from iht cell outside by poor closure of a cell etc. 
was also eliminated 

[0046] In addition, in cells for motorised, such as a cell for engine starting, and an electric vehicle, at 
the time of start and acceleration, electric discharge of a high current is needed at the time of a climb 
etc., and elevation of cell temperature takes place at this time. However, since it cannot happen easily 
that captured HF separates again and melts into nonaqueous electrolyte even if it is the case where 
cell temperature rises when the nonaqueous electrolyte which added the compound of this invention 
is used, maintenance with a good cycle property is achieved. 

[0047] as mentioned above, although the case where a wound type electrode object is mainly used has 
been explained to an example about this invention, this invention is not what asks cell structure it is 
needless to say Here, moisture management is easy for inert gas atmosphere performing production of 
the part, storage, and cell assembly by the coin cell of few capacity, since the cell itself is small etc. 
However, in production of the cell with a large capacity using winding or the laminating type 
internal-electrode object 1-7 mentioned above For example, it is hard to consider being produced in 
the environment which removed moisture completely, even if it is the air conditioned room which the 
coating of the electrode active material to a current collection substrate needs to use comparatively 
large-scale equipment, is performed in the open air and the same atmosphere even if it is the interior 
of a room, and performs especially moisture management actually from the point of a manufacturing 
cost 

[0048] Therefore, this invention is suitably adopted as a cell with a big cell capacity for which the 
moisture management by the manufacturing process is not easy. Specifically, the cell capacity for 
which a wound type or the laminating type electrode object 1-7 is used is adopted suitable for the 
thing of 2 or more Ahs. Although it cannot be overemphasized that it is not that to which the use of a 
cell is also limited, it can use especially suitable for motorised [ of the object for engine starting, an 
electric vehicle, or a hybrid electric vehicle ] as a mass cell for mount by which high power, low 
internal resistance, and the outstanding cycle property are demanded. 
[0049] 

[Effect of the Invention] Since the corrosion in a cell and generation of a v^cked SEI layer are 
suppressed according to the lithium secondary battery of this invention when the atom in which the 
Lewis-base nature of the compound concemed is shown inactivates HF as explained above, 
prevention of a cell reaction can be suppressed. Consequendy, especially the lithium secondary 
battery in this invention does so the outstanding effect that improvement hi a hot cycle property and 
reliability is achieved. 
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TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the lithium secondary battery 
excellent in a cycle property and reliability. 
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PRIOR ART ^ 

[Description of the Prior Art] A lithium secondary battery is widely used increasingly in recent years 
as a rechargeable battery which bears the power supply of electronic equipment, such as carried type 
communication equipment and a note type personal computer, and in which charge and discharge 
with a big energy density are small and possible. Moreover, while the interest about saving-resources- 
izing or energy saving increases by making protection of international earth environment into a 
background, the lithium secondary battery is expected in the auto industry, respectively as the dc- 
battery for motorised for an electric vehicle or hybrid electric vehicles, and a deployment means of 
the power according [ on the power industry and ] to preservation of power night, and utilization of 
the mass lithium secondary battery suitable for these uses is made into pressing need. 
[0003] Generally carbonaceous material [ multiple oxide / hthium transition-metals ], such as a hard 
carbon and a graphite, is used for a lithiimi secondary battery as a negative-electrode active material 
as a positive active material, respectively. Moreover, the reaction potential of the lithium secondary 
battery using such a material is as high as about 4:1 V, and, for this reason, cannot use drainage 
system nonaqueous electrolyte like the conventional rechargeable battery as nonaqueous electrolyte, 
then — as the nonaqueous electrolyte of a lithium secondary battery — an organic solvent — a lithium 
ion (Li+) - an electrolyte ~ the nonaqueous electrolyte which dissolved the lithium compound is 
used 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the corrosion in a cell and generation of a wicked SEI layer are 
suppressed according to the lithium secondary battery of this invention when the atom in which the 
Lewis-base nature of the compound concerned is shown inactivates HF as explained above, 
prevention of a cell reaction can be suppressed. Consequently, especially the lithium secondary 
battery in this invention does so the outstanding effect that improvement in a hot cycle property and 
reliability is achieved. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] It is a usual state that moisture is intermingled from the 
manufacture stage in the organic solvent used as the raw material of nonaqueous electrolyte here 
although it' is a minute amount as contamination. Moreover, since various kinds of material and the 
parts which constitute a cell, for example, electrode active material powder, a current collection 
substrate (metallic foil) and a metal terminal, a cell case, etc. are generally saved in the usual air 
atmosphere, when the moisture which was sticking to the front face of these material or parts finishes 
creating a cell, it may enter into nonaqueous electrolyte. 

[0005] When such moisture exists in nonaqueous electrolyte, an electrolyte decomposes with 
moisture, the danger that the acid matter, gas, etc. will occur becomes high, and it is a charge-and- 
discharge cycle property (the cell capacity change property by the repeat of charge and discharge is 
pointed out.) as a result. Hereafter, it is called a "cycle property". It deteriorates and the problem to 
which a battery Hfe becomes short arises. 

[0006] For example, although it is most observed as an electrolyte in order for a 6 fluoride 
[ phosphoric-acid] lithium (LiPF6) to dissolve in an organic solvent and to show high electric 
conductivity, when LiPF6 is used, if moisture exists in an organic solvent, a hydrofluoric acid (HF) 
will occur. This HF makes the metallic material of a cell container or a charge collector dissolve and 
corrode, and dissolves a positive active material, and makes transition metals eluted. Furthermore, the 
wicked SEI (Solid Electrolyte Interface) layer containing the metal is formed in a negative-electrode 
active material front face, it carries out checking an operation of Li+ etc., and the cause and bird 
clapper of cell degradation are known. Degradation of such a cell property appears notably in cycle 
operation which repeats charge and discharge, and serves as a critical defect of a rechargeable battery. 

[0007] Then, by adding the straight chain-like polysiloxane compoimd which contained the silicone 
frame of (-Si-O-Si-) in the molecular structure in nonaqueous electrolyte and which is l-dimensional 
structure, a current characteristic is raised, and improvement in a cycle property is achieved by JP,8- 
78053,A, and is carrying out the purport indication at it. However, by this method, since it is unstable 
in the electrolytic solution since an additive is a straight chain-like thing, and it iis a macromolecule, 
dispersion will appear in the physical properties. And since a chain goes out from the thing of low 
molecular weight when the cell itself becomes an elevated temperature at the time of the use to which 
the lithium secondary battery in which this additive was included repeats the charge and discharge, 
the effect as an additive is lost and serves as a prevention object of a ceU reaction conversely. 
Therefore, it is not suitable for the use of the electric vehicle which needs high performance in a cycle 
property high power nature and over a long period of time at all. 
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MEANS ====__=======_======_ 

[Means for Solving the Problem] the place which this invention is made in view of the trouble of the 
conventional technology mentioned above, and is made into the purpose ~ the electrolytic solution 
and a cell ~ by inactivating HF which will be contained in an electrode object or nonaqueous 
electrolyte as a result by making into a generating causative agent the moisture contained in the 
member etc., prevention of a cell reaction is suppressed and the lithium secondary battery excellent in 
a cycle property and reliability is offered ~ it is in things 

[0009] That is, according to this invention, it has the electrode object which minds separator, and 
winds or comes to carry out the laminating of a positive-electrode board and the negative-electrode 
board, and it is a lithium secondary battery using the nonaqueous electrolj^ which contains a lithium 
compound as an electrolyte, and the positive-electrode board concerned, tfie negative-electrode board 
concerned, the separator concemed, and lithium secondary battery ** characterized by the thing of the 
nonaqueous electrolyte concemed included for the 3-dimensional type siloxane compound in either at 
least are offered. 

[0010] In the lithium secondary battery of this invention, it is also desirable that electronic- 
conduction nature particles, such as acetylene black used as an electric conduction assistant, are 
distributed by the compound mentioned later. Without contributing such compound concemed to a 
cell reaction, by moreover adding an electric conduction assistant, elevation of internal resistance is 
suppressed and serves as an reaction inhibitor of good HF. 

[0011] The Uthium secondary battery of this invention is adopted suitable [ cell capacity ] for the 
large-sized cell of 2 or more Ahs. Moreover, it is suitably adopted as a cell for mount, and is suitably 
used as a power supply for motorised of the electric vehicle with which electric discharge of the 
power supply for engine starting which needs high power, and a high current is performed frequently, 
or a hybrid electric vehicle etc. , 
[0012] 

[Embodiments of the Invention] The Uthium secondary battery of this invention aims at improvement 
in a cycle property by suppressing prevention of the cell reaction by degradation of the nonaqueous 
electrolyte using the nonaqueous electrolyte which contains as an electrolyte the lithium compound 
which dissolves and produces a lithium ion (Li+). It cannot be overemphasized that this invention is 
not hereafter limited to the following operation gestalten although the operation gestalt of this 
invention is explained. 

[0013] the lithium secondary battery of this invention ~ the positive-electrode board 2, the negative- 
electrode board 3, separator 4, and nonaqueous electrolyte — a 3-dimensional type siloxane 
compound is made to be contained in either at least The nonaqueous electrolyte by which the 
compound concemed was added [ "the compoimd concemed is contained" and ] by sinking into the 
electrode board 2, and 3 and separator 4 here When the compound concemed beforehand applied to 
the case where the compound concemed will be contained in the electrode board 2-3 or separator 4, 
the electrode board 2-3, or separator 4 is filled up with nonaqueous electrolyte, it includes the case 
where will move into nonaqueous electrolyte and it will be contained also in nonaqueous electrolyte. 
[0014] In the lithium secondary battery of this invention, as a method including this compound, even 
if there is Htfle ** which is distributed by (2) separator front face distributed or covered by the front 
face of the electrode active material particle which constitutes (1) positive-electrode board and/or a 
negative-electrode board and by which carries out (3) detailed pulverization and suspension 
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distribution is carried out into nonaqueous electrolyte, one of methods can be used. Therefore, it is 
also possible to use together two or more these meanses again. 

[0015] As a method of including the compound concerned in the electrode board 2-3, specifically 
Even if it can mention the method of applying the compound concerned to the electrode board 2-3 
using methods inmiersed in the compound agent concerned which melted the electrode board 2-3 to 
the meltable solvent, such as a method (dipping), a spray, and brush coating, and is the case where 
they are any The compound concerned is included, it dries behind and production of a subsequent 
electrode object is presented. It is also possible to carry out the detailed pulverization even to the 
grade which can use the method same also to making separator 4 front face distribute or fix, and does 
not carry out gravity settling of the compound concemed about the electrolytic solution, and to 
include the compound concemed uniformly. 

[0016] Here, the method using what added the compound concemed beforehand is most suitably 
adopted as nonaqueous electrolyte. In this case, it is only that the addition mixture process of the 
compound concemed increases, and the assembly-operation process of a cell also has the advantage 
that work is also easy. 

[0017] That is, what added the compound concemed is further used for the general nonaqueous 
electrolyte which comes to dissolve the electrolyte mentioned later in a predetermined organic solvent 
as the electrolytic solution with which it is filled up in a cell as an HF trap agent. It is possible to 
reduce HF concentration generated from the moisture in nonaqueous electrolyte before inserting an 
internal-electrode object in a cell by addition of the compound concemed. Moreover, after inserting 
an intemal-electrode object in a cell, removal of HF generated from the moisture which was sticking 
to the electrode board etc. will be performed easily. By this, it contributes also to suppression of the 
metallic corrosion by HF etc., and suppression of wicked SEI generation, and it is thought that 
improvement in a cycle property is achieved. 

[0018] now, as a 3-dimensional type siloxane compound which can be used for this invention 
concrete - the 1-allyl compound -3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [- 9. 
- 5. - 1.13, 9.15, 15.17, and 13] OKUTA siloxane - l-(3-chloropropyl)-3, 5, 7, 9, 11 and 13, and 
15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane, l-(4-vinyl phenyl)- 
3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA 
siloxane. Ethyl -3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.L13, 9.15, 15.17, 
the 13] OKUTA siloxane- 1-undecanone eight, 1, 3, 5, 7, 9, 11, and 14-heptacyclo HEKISHI tricyclo 
[7. 3.3.15, 11] HEPUTA siloxane - 3, 7, 14-triol, 1, 3, 5, 7, 9, 11, and 13-heptacyclo pentyH5-[2- 
(diphenylphospino) ethyl] PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane, 1, 3, 5, 7, 9, 
11, and 13-heptacyclo pentyl- 15-glycidyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA 
siloxane, 3, 5, 7, 9, 11, 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, a 13] 
OKUTA siloxane-l-butyronitrile, 3, 5, 7, 9, 11, 13, and 15-heptacyclo pentyl PENTA cyclo [9. 
5.1.13, 9.15, 15.17, 13] OKUTA siloxane- l-oar, 3-(3, 5, 7, 9, 11, 13, and 15-heptacyclo pentyl 
PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane- 1-IRU) propyl methacrylate, 1, 3, 5, 7, 9, 
11, and 14-heptacyclo pentyl tricyclo [7. 3.3.15, 11] HEPUTA siloxane-end - 3, 7, 14-triol, 1, 3, 5, 7, 
9, 11, and 13-heptacyclo pentyl-15-vinyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane. 
The 1-hydride -3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 
13] OKUTA siloxane, A methyl -3, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 
5.1.13, 9.15, 15.17, 13] OKUTA siloxane- 1-propionate, l-[2-(5-norbomene-2-IRU) ethyl]-3, 5, 7, 9, 
11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] OKUTA siloxane, 1, 
3, 5, 7, 9, 11, 13, and 15-OKUTAKISU (dimethyl SHIRIROKISHI) PENTA cyclo [9. 5.1.13, 9.15, 
15.17, 13] OKUTA siloxane, 1, 3, 5, 7, 9, 11, 13, and 15-OKUTABINIRUPENTA cyclo [9. 5.1.13, 
9.15, 15.17, and 13] OKUTA siloxane are suitable. Since this has the cyclic structure, stably, it shows 
high Li+ conductivity to the electrolytic solution, and is suitably used for it as the compound 
concemed. 

[0019] Here, in this invention, the mechanism in which a 3-dimensional type siloxane compound 
inactivates HF is explained, the time of assembling a cell, although the nonaqueous electrolyte which 
does not contain moisture was used for the electrolytic solution in this invention - a cell - since the 
moisture adhering to the member etc. cannot be removed completely, in the electrolytic solution, 
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moisture will exist with a minute amount And the electrolytic solution decomposes with the moisture, 
the electrolytic solution and an electrolyte decompose, and HF, gas (C02), etc. occur. 
[0020] HF generated at this time dissolves a positive active material, makes transition metals eluted, 
and guides the wicked SEI generation containing the metal atom while it makes the metallic material 
of a cell container or a charge collector dissolve and corrode. In addition, a reaction will be promoted, 
so that the cell of the decomposition by electrolytic water is an elevated temperature, and the 
decomposition will progress. Since the generation reaction of SEI is exothermic reaction, 
decomposition by electrolytic water will be promoted by this heat, and HF will be generated further. 
[0021] Then, in tihis invention, in the compound concerned, the atom in which Lewis-base nature is 
shown, i.e., O atom in which it has an unshared electron pair and electronic supply nature is shown, 
combines with HF which has an empty electron orbit in coordination, and it fixes HF in the molecular 
structure of the compound concerned. Thereby, HF in a cell is inactivated and it becomes possible to 
suppress the influence by HF. When the cell itself becomes an elevated temperature by this while a 
cell repeats charge and discharge, and the compound concerned fixes HF, generation of wicked SEI is 
suppressed. 

[0022] Since especially the compound in this invention has the three-dimensional structure and has 
the cyclic structure of that it is the amount of macromolecules, and many, it can exist stably in the 
electrolytic solution also in an elevated temperature. Moreover, HF can be efficiently captured and 
fixed from there being many O atoms per unit volume in molecular structure. And 5 member ring 
structure which the compound concemed has is quite large, and does not prevent the movement from 
the ionic radius of Li+. Therefore, the 3-dimensional siloxane compound in this invention will 
demonstrate an effect certainly as an additive of the improvement in a cycle property in a lithium 
secondary battery. 

[0023] In this invention, electronic-conduction nature particles, such as acetylene black, may be 
distributed by the compound concemed. By this, electric conductivity can be raised and elevation of 
internal resistance can be prevented. 

[0024] Nonaqueous electrolyte using the lithium compound which dissolves and produces a lithium 
ion (Li+) as an electrolyte is used for the lithium secondary battery of this invention. Therefore, there 
is no limit in the other materials and cell structure in any way. Hereafter, it outlines about the primary 
member which constitutes a cell, and its stmcture. 

[0025] One structure of the electrode object which can also be called core of a lithium secondary 
battery is the single cellular structure which sandwiched the separator which earned out press 
molding of positive/negative each electrode active material which is seen by the coin cell of small 
capacity disc-Uke. 

[0026] One structure of the electrode object used for a cell with a large capacity to a small capacity 
cell like a coin cell is a wound type. As shown in the perspective diagram of drawing 1 , it winds 
around the periphery of a winding core 13, and the wound type electrode object 1 is constituted so 
that the positive-electrode board 2 and the negative-electrode board 3 may not contact directly the 
positive-electrode board 2 and the negative-electrode board 3 through the separator 4 which consists 
of porous polymer. The nimiber of the electrode leads 5-6 attached in the positive-electrode board 2 
and the negative-electrode board 3 (it is hereafter described as "the electrode board 2 and 3".) can 
establish two or more electrode leads 5-6, and at least one can also make current collection resistance 
small what is necessary be just to be. 

[0027] The laminating type which comes to carry out the laminating of the single cell type electrode 
object used for a coin cell to two or more steps as another structure of an electrode object is 
mentioned. As shown in drawing 2 , the laminating type electrode object 7 is what carried out the 
laminating of the positive-electrode board 8 and the negative-electirode board 9 of a predetermined 
configuration by tums on both sides of separator 10, and attaches the electrode lead 11-12 of at least 
one in one electrode board 8-9. The material of construction, the creation method, etc. of the 
electrode board 8-9 are the same as that of electrode board 2 and 3 grades in the wound type electrode 
object 1. 

[0028] Next, the wound type electrode object 1 is explained to an example still in detail about the 
composition. The positive-electrode board 2 is produced by carrying out coating of the positive active 
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material.to both sides of a current collection substrate. Although a metallic foil with the corrosion 
resistance good as a current collection substrate over positive-electrode electrochemical reaction, 
such as an aluminum foil and a titanium foil, is used, a punching metal or a mesh (network) can also 
be used in addition to a foil. Moreover, as a positive active material, lithium transition-metals 
multiple oxides, such as a manganic acid lithium (LiMn 204), and a cobalt acid lithium (LiCo02), a 
nickel acid lithium (LiNi02), are used suitably, and carbon impalpable powders, such as acetylene 
black, are preferably added to these as an electric conduction assistant. 

[0029] Coating of a positive active material is performed by using a roll coater etc., and applying and 
drying the slurry or paste which added and created the solvent, the binder, etc. to positive-active- 
material powder at a current collection substrate, and press processing etc. is performed if needed 
after that. 

[0030] The negative-electrode board 3 can be created like the positive-electrode board 2. A metallic 
foil with the corrosion resistance good as a current collection substrate of the negative-electrode 
board 3 over negative-electrode electrochemical reaction, such as copper foil or a nickel foil, is used 
suitably. As a negative-electrode active material, nature powder of high graphitized carbon, such as 
amorphous system carbonaceous material and artificial graphites, such as soft carbon and a hard 
carbon, and a natural graphite, is used. 

[0031] What made the polyethylene film (PE film) of Li+ permeability which has a micro pore three 
layer structures inserted with the porous polypropylene film (PP fihn) of Li+ permeability as 
separator 4 is used suitably. PE film becomes soft at about 130 degrees C, a micro pore is cmshed, 
and this serves as the safe mechanism which suppresses, movement, i.e., the cell reaction, of Li+, 
when the temperature of an electrode object rises. And by pinching this PE film with PP film with a 
more high softening temperature, when PE film becomes soft, PP film holds a configuration, prevents 
contact and the short circuit of the positive-electrode board 2 and the negative-electrode board 3, and 
beconies securable [ positive suppression of a cell reaction, and safety ]. 
[0032] The electrode lead 5-6 is attached in the portion which the current collection substrate to 
which coating of the electrode active material is not carried out in the electrode board 2-3 at the time 
of the winding work of this electrode board 2-3 and separator 4 exposed, respectively. The thing of 
the shape of a foil which consists of the same quality of the material as the current collection 
substrate of each electrode board 2-3 as electrode lead 5-6 is used suitably. Installation to the 
electrode board 2-3 of the electrode lead 5-6 can be performed using ultrasonic welding, spot . ^ 
welding, etc. When the electrode lead 5-6 is attached, respectively at this time so that the electrode 
lead of one electrode may be arranged in the end side of tiie electrode object 1 as shown in drawing 
1 , the contact during the electrode lead 5-6 can be prevented, and it is desirable. 
[0033] Securing a flow with the electrode lead 5-6 with the terminal for taking out current outside 
first in the assembly of a cell, the produced electrode object 1 is inserted in a cell case, and it holds in 
a stable position. Then, after infiltrating nonaqueous electrolyte, a cell is produced by closing a cell 
case. 

[0034] Next, the nonaqueous electrolyte used for the lithium secondary battery of this invention is 
explained. As a solvent, an independent solvent or mixed solvents, such as a thing of carbonate 
systems, such as ethylene carbonate (EC), diethyl carbonate (DEC), dimethyl carbonate (DMC), and 
propylene carbonate (PC), and ganmia-BUCHIRO lactin, a tetrahydrofuran, an acetonitrile, are used 
suitably. 

[0035] As the lithium compound dissolved in such a solvent, i.e., an electrolyte, lithium complex 
fluorine compounds, such as a 6 fluoride [ phosphoric-acid ] lithium (LiPF6) and hoe lithium fluoride 
(LiBF4), or a lithiimi halogenide called a lithium perchlorate (LiC104) is mentioned, and one kind or 
two kinds or more are dissolved and used for the aforementioned solvent. It is desirable for oxidative 
degradation to be imable to happen easily and to use conductive high LiPF6 of nonaqueous 
electrolyte especially. 
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EXAMPLE =___ 

[Example] Hereafter, although this invention is explained still in detail based on an example, this 
invention is not limited to these examples. 

(An example 1, example 1 of comparison) The cell concerning an example 1 and the example 1 of 
comparison Make 20LiMn4 spinel into a positive active material, and to this acetylene black as an 
electric conduction assistant what was added about 4% of the weight by the outside ratio 
Furthermore, the positive-electrode board 2 which carried out coating and created the positive- 
electrode agent slurry which added and produced the solvent and the binder so that it might become 
the thickness of about 100 micrometers at both sides of an aluminum foil with a thickness of 20 
micrometers, respectively. In addition to the same method as this, by making carbon powder into a 
negative-electrode active material, a wound type electrode object is produced using the created 
negative-electrode board 3 which carried out coating so that it may become the thickness of about 80 
micrometers at both sides of copper foil with a thickness of 10 micrometers, respectively, and 
nonaqueous electrolyte is filled up with and produced after holding in a cell case. As nonaqueous 
electrolyte, LiPF6 as an electrolyte in the solution which dissolved so that it might become the 
concentration of 1 mol/1 here at the amount mixed solvent of isochores of EC and DEC The 1 -hydride 
-3 which is expressed with the following chemical formula (I) and which is the compound concerned, 
5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, and the thing to 
which 0.1 mass % added 13] OKUTA siloxane by the outside ratio were used. All the cell capacity 
after first time charge of these various cells was about 10 Ah(s). 
[0037] 
[Formula 1] 



[0038] Moreover, the cycle examination was performed by repeating this by making into 1 cycle the 
charge-and-discharge cycle shown in drawing 3 . That is, the cell of the charge state of 50% of depth 
of discharge was stopped for 18 seconds, after discharging for 9 seconds in current lOOA equivalent 
to IOC (electric discharge rate), and it charged [ 70A ] for 27 seconds by 18A continuously after 
charge for 6 seconds after that, and 1 cycle was set as the pattem again made into 50% of charge 
state. In addition, the gap of the depth of discharge in each cycle was stopped by tuning the 2nd 
current value (18A) of charge finely to the minimum. Moreover, in order to know change of the cell 
capacity under this durability test, volumetry set to charge halt voltage 4.1V and extinction voltage 
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2.5V by the current strength of 0.2C was performed suitably, and relative service capacity was 
calculated with the value which **(ed) cell capacity in the predetermined number of cycles by first- 
time cell capacity. 

[0039] (Evaluation) In 20000 cycle examinations, the cell of the example 1 concerning this invention 
attained 82% of capacity retention, and demonstrated the cycle property better than the example 1 of 
comparison for which the compound concerned is not used so that drawing 4 might show. This is 
considered that the cycle life improved as a result of the compound concerned containing the atom in 
which Lewis-base nature is shown inactivating HF in the electrolytic solution. 
[0040] Here, the cell concerning an example 1 and the example 1 of comparison was produced using 
the various cell composition members which were made to contain the compound concerned and 
adjusted it in the cell case by the above-mentioned method, moreover - other members and the test 
atmosphere are the same about all samples - carrying out - a cell ~ dryness of a member wasfuUy 
performed just before the assembly of a cell, and the influence of permeation of the moisture from the 
cell outside by poor closure of a cell etc. was also eliminated 

[0041] (An example 2, example 2 of comparison) The cell concerning an example 2 and the example 
2 of comparison 20LiMn4 spinel is made into a positive active material, to this electric conduction 
assistant slack acetylene black and a binder slack polyvinylidene fluoride by the weight ratio The 
positive-electrode board which made what was mixed by the ratio of 50:2:3 positive-electrode 
material, carried out press forming of the 0.02g of the positive-electrode material to disc-like [ with a 
diameter / phi / of 20mm ] by the pressure of 300 kg/cm2, and was produced, A coin cell type 
electrode object is produced using carbon as a negative-electrode board, and nonaqueous electrolyte 
is filled up with and produced after holding in a cell case. As nonaqueous electrolyte, about 1000 
ppm (H20) of moisture which causes cell property degradation at the amount mixed solvent of 
isochores of EC and DEC are added here. Moreover, the 1-hydride -3 which is the same compound as 
an example 1, 5, 7, 9, 11 and 13, and 15-heptacyclo pentyl PENTA cyclo [9. 5.1.13, 9.15, 15.17, 13] 
OKUTA siloxane. About 500 ppm added and ** and the solution which dissolved LiPF6 as 
electrolytes so that it might become the concentration of 1 mol/1 were used. All the cell capacity after, 
first time charge of these various cells was about 1.3mA. 

[0042] Next, the cycle examination in a coin cell type cell is explained. In this invention, the 
produced coin cell is responded to the capacity of a positive active material. Charge of total 3 hours is 
continuously performed on fixed voltage after charge until it is set to voltage 4.1V with L3mA of 
current of IC. It was set as the pattern which similarly discharges with fixed current of L3mA of 
current of IC, and is made to discharge until voltage is set to 2.5V, and examined by repeating this by 
making this charge-and-discharge cycle into 1 cycle. In addition, the relative service capacity (%) 
shown in drawing 5 is calculated using following several 1. 
[0043] 

[Equation 1] Service capacity / first time service capacity in relative service-capacity (%) = each 
cycle [0044] (Evaluation) In 100 cycle examinations, the cell of the example 2 concerning this 
invention attained 91% of capacity retention, and demonstrated the cycle property which was 
extremely superior to the example 2 of comparison for which the compound concerned is not used so 
that drawing 5 might show. Thus, it means that it was clearly proved by having verified in the 
example which appUed moisture intentionally that the effect which was excellent in the cycle life 
whose compound indicated by this invention is an important cell property was demonstrated. 
[0045] Here, the cell concerning an example 2 and the example 2 of comparison was produced using 
the various cell composition members which were made to contain the compoimd concerned and 
adjusted it in the ceU case by the above-mentioned method as well as the case of a wound type 
electrode object moreover — other members and the test atmosphere are the same about all samples - 
- carrying out - a cell — dryness of a member was fiiUy performed just before the assembly of a cell, 
and the influence of pemieation of the moisture from the cell outside by poor closure of a cell etc. 
was also eliminated 

[0046] In addition, in cells for motorised, such as a cell for engine starting, and an electric vehicle, at 
the time of start and acceleration, electric discharge of a high current is needed at the time of a climb 
etc., and elevation of cell temperature takes place at this time. However, since it cannot happen easily 
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that captured HF separates again and melts into nonaqueous electrolyte even if it is die case where 
cell temperature rises when the nonaqueous electrolyte which added the compound of this invention 
is used, maintenance with a good cycle property is achieved. 

[0047] as mentioned above, although the case where a wound type electrode object is mainly used has 
been explained to an example about this invention, this invention is not what asks cell structure -- it is 
needless to say Here, moisture management is easy for inert gas atmosphere performing production of 
the part, storage, and cell assembly by the coin cell of few capacity, since the cell itself is small ete. 
However, in production of the cell with a large capacity using winding or the laminating type 
internal-electrode object 1-7 mentioned above For example, it is hard to consider being produced in 
the environment which removed moisture completely, even if it is the air conditioned room which the 
coating of the electrode active material to a current collection substrate needs to use comparatively 
large-scale equipment, is performed in the open air and the same atmosphere even if it is the interior 
of a room, and performs especially moisture management actually from the point of a manufacturing 
cost. 

[0048] Therefore, this invention is suitably adopted as a cell with a big cell capacity for which the 
moisture management by the manufacturing process is not easy. Specifically, the cell capacity for 
which a wound type or the laminating type electrode object 1-7 is used is adopted suitable for the 
thing of 2 or more Ahs. Although it cannot be overemphasized that it is not that to which the use of a 
cell is also limited, it can use especially suitable for motorised [ of the object for engine starting, an 
electric vehicle, or a hybrid electric vehicle ] as a mass cell for mount by which high power, low 
intemal resistance, and the outstanding cycle property arc demanded. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation^ 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

fPrawing 11 It is the perspective diagram showing the structure of a wound type electrode object. 
rPrawing 2] It is the perspective diagram showing the structure of a laminating type electrode object. 
[Drawing 3 ] It is the graph which shows the charge-and-discharge pattern in a cycle examination. 
[Drawing 41 It is the graph which shows the result of a cycle examination of an example L 
[Drawing 5] It is the graph which shows the result of a cycle examination of an example 2. 
[Description of Notations] 

1 [ - A negative-electrode board, 4 / - Separator, 5 / - An electrode lead, 6 / - An electrode lead, 7 / 
- A laminating type electrode object, 8 / - A positive-electrode board, 9 / - A negative-electrode 
board, 10 / - Separator, 11 / - An electrode lead, 12 / - An electrode lead, 13 / Winding core. ] - 
A wound type electrode object, 2 - A positive-electrode board, 3 



[Translation done.] 
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[Drawing 11 
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